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Screening of Priority Pollutants and ,Risk Assessment for Surface Water from Shengjin
d 5 ! J ! -
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GONG Xiongshu' 27 DING Qigi' 2, JIN Miao' , XUE Bin" ZHANGH" , YAO Shu-chun' , WANG Zhao-de' , LU Shao-yong® , ZHAO Zhong-hua'
(1. State Keyu Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China;
2. Universit';( of Chinese Academy of Sciences, Beijing 100049, China; 3. National Engineering Laboratory for Lake Pollution Control and Ecological Restoration, Chinese
Research Academy of Environmental Sciences, Beijing 100012, China)
Abstract: Shengjin Lake, which serves as an important National Nature Reserve, is suffering from chemical pollution due to rapid industrial and agricultural development in
the circumjacent basin. Therefore, 168 anthropogenic toxic chemicals were determined to examine their spatial distribution and identify priority pollutants using a ranking
system based on occurrence( ) , persistence (P), bioaccumulation(B), ecological risk (E), and human health risk (H). Ecosystem and human health risks were also
assessed. The spatial distribution of pollutants indicated that higher concentrations occur in the upper lake area compared to the middle and lower lake areas because of Jiang
Dam. According to the derived priority pollutant list, phthalate esters (PAEs), organochlorine pesticides (OCPs), and heavy metals (HMs) are high-priority pollutants;
polychlorinated biphenyls(PCBs) , polycyclic aromatic hydrocarbons( PAHs) , and volatile organic compounds( VOCs) are medium-priority pollutants; and antibiotics( ANTs)
are low-priority pollutants. The ecology risk quotient(RQ)of the high-priority pollutants ranged from 4.3 to 15. 9, indicating severe ecology risk to the aquatic organism, and
higher risks were found in the upper lake areas. Additionally, the human health risk assessment revealed negligible carcinogenic risks associated with high-priority pollutants.
The comprehensive ranking system established in this study can be applied to other lake basins by altering the measured concentrations to screen for priority pollutants, offering
a scientific foundation for identifying priority control pollutants for watershed management.

Key words: priority pollutants; comprehensive ranking system; ecology risk; human health risk; Shengjin Lake
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Fig. 1 Sampling sites of water samples in Shengjin Lake



10 1 FRMERESE . TR S5 YL it i 5 KR EA 4729
SERR. £225(0CPs) |, 18 P Z B IK (PCBs) | 16 Fli4B-4

1.2 FEALRETALEE

ARWFTE— PR HL T 168 B ik &8N H bR iE 4L
Yy, A04E 16 P 23855 k2 (PAHSs) | 20 R A HLERA

T HRMEE (PAEs) | 23 Fh 480K (HMs) | 24 Fhi%E
KHEAHLIG G (VOCs) I 51 Fhfiid= 2 (ANTs). H
b BT R BRI YT E L 1.

x1 BiRESETLYERY
Table 1  List of target toxic pollutants

255 a7

Bi(Be)* . #I(B) , F(AD BK(Ti) , BL(V) L 8K (Cr) " H(Mn) | (Fe) | Hi(Co)*, BE(NI)“, H(Cu) ., ¥
4 JRICE (HMs) (Zn) . TH(As)® i (Se)d, SH(Mo) . SR (Ag) . #H(Cd)*, B (Sn) . Eh(Sh) . BI(Ba) . R (Hg)* . £ (TI) FI4t

(Pb)°

ZE(Nap)© ., TG (Acy) . J& (Ace), %5 (Flu)?, FE(Phe)d, B (Ant)?, ZEH (FI)Y, & (Pyr)?, #If(a) &
LI F5)% (PAHs) (BaA)“, Hi(Chr)¢, ZKJIF(b) B (BbF)“, A If (k) 2B (BkF) ., #If (a) B (BaP)*, =& Jf (a,h) ¥

(DahA)" | 23 (g,h,i) FE(BghiP) ¢ FEiH(1,2,3-cd) EE(InP)®

482K "R (PAEs)

LR H S (DMP) | 452X " H s — 2.8 (DEP) | 4P —H i — % THl§(DIBP) . 48K "W — T g
(DBP) | 48-2K g —F % ZHE ( DMEP) | 4B-% — FI iR —-4-F 3L-2- 1% (DMPP) | 48-28 " H iR — 2 %Ak 2R
(DEEP) | 4B-2& — H f2 — /K (DPTP) | 4F-% " H R —C.lK(DHP) | 4B-2& —H R T ER(BBP) | 4B-28 — HI iR
TTEMZBE(DBMP) | 482K " HIFR "I CER(DCHP) | 4B-2K " HIR — Z AT (DEHP) © | 4828 — IR — %
fig (DPHP) | 48-2 i — 1F 22§ ( DOP) F14K-2 — F 2 — T-1i ( DNP) ~

HRMAE N (VOCs)

I QUK e XTI AR R | SR CIRAE 1,102, 2- DU 2 e | IE TS AU
2GR 1,2, 4- 50K 1,355 BT TR 1 4- UK | 45 AL RS PTIIOR 1,350
ARGCIET R 1, 2-TR-3PIAE | 1,2,4- =50 N3 TR R 1,203 =08 A=

YA (ANTs)

B 3% = 5%

TR , TR | T A GOOEENSS | GO | B T b i P e (MR
P PR Y I R G PR B T R N | R R | R
B ARG | R S R | SR SR ORI | M TR BISTURR AR g P
N PrE N B L SRR S oE 3 NPEIR I S ES TN

0757575 (a-HAH)E AR 75 (BHCH ) | y-75 75 7 (G | 875 APR (8-HCH)® | B4 (HC )™, 2 il
(AD)" | SR -LARCAGE) | RET (y1CD)© | IR A (o D) | aBifh(a-ES) . p,p'- Wi ( DDE ) JKik

YR B AARR AN TR RS TR | R DR R R | iR
BREZ, UG I S AR R | SR | T R ARt f "

AR (0CPs)
Ca V g

#(DD)" | %ﬁ(ﬁﬁ%ﬂ(}:mﬂ\ BT (BES) p.p’ - (DDD) K FCHIEE (BA) | BLPHIRRREE (ESS) | p.p'-
AR (DDT) * | KT i (EK) A S8R MC) ¢ g

2 S (BB

PCB 28,52, 77° 81° 101, 105494 118, 123", 126", 138, 153, 156, 157", 167", 169", 180 #l 189"

Da %%/J;“{Z%)ﬂi‘?ﬁiﬁﬁjliéﬂéﬂﬁiﬁﬁﬁ%ﬁﬂ’r"@ﬂxfﬁ% 1 80 ; b FoRiZ N L4 A REUEY); o Fomizy B 119 B 2E80EY); d

FOR YR T 2B

PAHs. OCPs, PCBs Fll PAEs FY i &b B it 2 5
WESCRR[16]. KEESEZ GF/F K (450°C HEBE 4 h) i
U, 4 mol - L™ BRAERHF pH JE 5 ~7, A 100 ng
) PAHs P45 ( Ace-d,,, Phe-d,,, Flu-d,,, Per-d,,) Fll
10 ng A9 OCPs Al PCBs PN 5 (DU & b — H 7%,
TCMX) , FFHE TG LY Sep-Pak [ AHZEEL C18 /MkE
(6 mL/500 mg) #ATHLE 4. C18 /MEMKIKH 10
mL 354l LR 10 mL B2k 1706 k. & 52
Je, SrEIA 20 mL (o al — 58 B e EAT DRI e
W ZMARRZE 1 mL, 55 H 0.2 pm BYJE B IE
Skad g RAAFAE 1.5 mL BRSO (638 i b % T
- 18°C UK, B EHLIAE.

ANTSs [IRTAR RS IR Zhou 2517 ()7 1. 2 GF/
FUE MR8 5 B /KRR I AGE 219 4 mol - L™ G R 1A
T pH % 3, FIILA 100 ng AR, b TR R
ik ZRY A FREL 0. 4 g B9 Na,EDTA Jill AJK
o TR B AR OR )G HEAT A AR I AR AR
SeH 10 mL 2 3% 40 B AT 10 mL 48 46 7K % Waters

[ FHAHL HLB /M (6 mL/500 mg) #4741k & 4E.
RKREE AL S, 1 10 mL H AT SR e
Wem T AR ZE 1 mL, 3RJ5H 0.22 pm e
Uk i U, I AE T 1.5 mL A RE 6 5 58 P, 78
— 18°C M IR EI.

HMs AYRTAEFE . BOF GE/F g 385 1 15 mL
UEW, N 100 WL BYGEIR (FHAR: /K = 1: 1) #HATIR
1k, AR R T — 18°CUKAE Y, 5 _EHLIAE.
1.3 15 YYER BT

PAHs 19 5 43 BT F 8 250 A 235 1) ( Agilent
1200) , Kl #5 2 — 90 45 B 51 K I 4% ( DAD) £ G 2¢
FEAEMES (FLD) 5 AN CHEFIK, s AR R e 1
mL-min~"; 5Bt A PAHs Waters C18 £ (5 pum x
4.6 mm x250 mm; Waters, USA) , 8/ 25°C . i1
P AMREE E 0T 16 Fh PAHSs, 25 I SCB 45 SR 0
FEARI 3 B P A 5 G TR, PAHs A [RiCR
TE72% ~ 105% Z 1], kK R >4 0.09 ~ 3.01
ng-L°".

o



4730 ®

L 42 %

L
&

OCPs I PCBs & | H] < AH £ 3% 1 ( Agilent

7890A) , B B Ni w-ECD K28 > o s . {4 4%
i FH A/ B RE R DB-SMS BN (384 (J&W 30 m
x0.25 mm x0.25 um) ; #HAAA, KA HE T
X WESAFIFE 1.0 mLomin ™' S AMNRAIAS AR
J5 SERE  HERERBUN 1 L. il ad N AMR I E B AT
38 Fift PCBs #1 OCPs, %5 [ 52 50 45 A & B B A4 I
AR IS YA T4, OCPs Fil PCBs #9101 3843
WITE 78% ~ 110% F1 67% ~ 113% 2 [6] , J7 P K6 I B2
43524 0.01 ~0. 43 ng-L ™" #10.04 ~0. 60 ng-L~".

PAEs SZ I F1 A 435 {1 ( Agilent 7890A) , it &
KHEEE TIN5 (FID ) A H A . S04 FH Ay o2
HP-5MS B 4145 3%+ ( Agilent 30 m x 0.25 mm x
0.25 pm) ,ZSN AR, R FE AL, it 45 il e
1.0 mLemin ", #ERERFUA 1L, 3813 SMRIEXT PAESs
PHTERIH. 45 R BoR, 16 B PAEs J7 B A I BR 4>
WA 5.3 ~31.2 ng-L™", BICR K 71% ~ 112% .

VOCs &I HL DSQ 50 A 2 3% 18 1% 1
1, e & VF- 624 (% A4F (30 m x/0.25 mini x 1.4

wm) AL 58 1808 O U (R L kR R T

200C, 43 W 0 15 4 B A 1
mLstnin~'. B 22 B U (EDAIRE 200G
TR TR 70 eV, SR 4RIR B 280%C , & g e

W T00 Ma, HPULEHT HiL I g
‘A "

-17. S.V,ﬁlﬁﬁﬁ 3#&1‘%,

A, AR 24 B VOCs #4756 & 40 B, J7 32 Al
FRA 1.0 ~22.0 ng-L~", ISR K 76% ~ 107 % .

ANTs 34 2R FH 8 = 280 0 AR 6 3% - 33 166 T AY
(Waters ACQUITY UPLC-Waters Xevo TQD) , it &
BEH-C18 VanGuard 4% (5 mm x 2.1 mm x 1.7
pwm) Fl BEH-C18 (100 mm x2. 1 mm x 1.7 pum) {fj
BB B AL IR (EST) . HIER | B e %
AR R AR AT AT 5007, Hoft H AR 4 o 4 7
AT AT 40T, S BAR B K 0. 45 mL-min ™'
FEIRAR IR E N 40°C , HEFE S S pl. @ ad N4
FREEE R 40T 51 A ANTs, J7 B4 I R 4 0. 01 ~
1.51 ng-L™", IR 38% ~ 180% .

HMs J2 38 5o H B8R & 45 B 1 1K BT 3% 4 (1CP-
MS) 5, J7 A TR 4 0.01 ~5.00 pg-L~". 48
TCHEARUERH 5 W 5 [ SPEX CertiPrep 23 W 3K.
FTA7 490 0 4 e PR 5 g 5 5 W
FERTIN I 55 B B ¢ o 4155 5 2 4 B ik o
L4 R RpmE | s 4

RO VAT IR AT | LR T )
(e 15 e T 2 Y48 T A 7 B R R B
. R JPTEBEGE T § PR ) 2 0 0 R s
D5 RYIRBER T (00 QFFALE(P); BVEWH
ZPE(B) ; @AEBXEK(E); @AM (H).

B WS IS |

B W TR |

BRI WE I ARER 2 8 |

P N |

N
|
|
|
|

HWRS: W RSETT R

) T |
FEREO) Kﬂ [ ) I
AP [ EpEmERRGOVN)
EPRBEB) || EVMAARER K ]
EEARE > AEERRQ
N e I e

&2

GEESENRENREE

Fig. 2 Overall schematic of the comprehensive ranking system

15 YL R 7 (O) 23T 15 YLy 1) B85 S5
WREE, R AL FE AR MR (0,) DA B HE AR
(Ope) BEAHERR. 15 R APE (P) R EE L A9
Rt 280 ( BioWIN ) SR A . BioWIN BB /)N, 75 42
YRR APERRGE. 5546, IE S BEK e R 50K, ) H
RAFATG Y AL RE (B) . i S5 1Y
(4 BioWIN I K, {8 % T 2% E 3R B (USEPA) 1Y
EPI Suite 2004F") . Az 5K (E) 35 2058 1 Az 45 KUK
B (RQ) Sfe fiir it A fd 3 AR (H) E 238 o F
USEPA MZ55 XU AR B 28 G0 Hh Y it B XL 455 1 of
Wi, 43 0 AT AR B0 KU (HD) RS0 K
(ILCR).

0,. 0, . BioWIN, K, . RQ. HI 1 ILCR 433
G HE TSR R 5 NER, R E R
(2/3) BBIEA TR AT B IURRER 4 100 43
FEVTH R E ZMEACE I, X 25 A o T A 55 1 AR
DA3RE G ATART B N A S Al 22 A 3 e ) ) 28 A 15

4% OPBEH HY4543 Z Fil.
P 515 e i B S Fie BR LR 51500 h v 2R 19

P A . R e BR A L R o P e 1 G )
IR 6 NG H s 1 b ik &Y o A
SR Y.
1.5 AR A R AU

Sk R T4 W K BR 58 R TS G B e e K AR AR 2S



10 4 FEMEIR AT . T KA e Ts YWy it 15 XU 34 4731

Y5 ARERS WU S, 7 K IR B P 35 Y ) A
ARBEHAT A S KU AN, 228 B B R T 0 v g XL
W (BT (RQ) X 7K PR35 v i Ye oy i) A= 28 XU i1 7
ERAEEME RQ MIHHEARIT .
RQ = MEC/PNEC

K, MEC FR KR 5 Y Wik (ng- L") , PNEC
FETNZI Y B TN JE R MR B (ng+L™"). PAHs
OCPs . PAEs, PCBs il VOCs iX 5 2575 Je#f1) PNEC
F25E o W) B BOURE 43 A 5 (SSD) SR e,
SSD THEAFEIY HCs 1B (PRI 95% Py Fh ik BE ) 1
iZA ) PNEC {H. 1 HMs A1 ANTs 3% W24 i
0] A B RO AN 2 DA SE AL SSD AL D)t
TEAG R 77 (AF) SRt , RIVHE e AgUsk ) F i 25 1 5K
P FNPEAR R F B FLAEAE R PNEC B 9 % 35 P %1
P8 & Z i@ if USEPA ) ECOSAR A1 ECOTOX #k
/?%[19] )

HHRITETE G WK IREETS Je 2 75 20 NSk
FEAE TR E AR, T K A TS Je My AT A A f R
BT, 2% USEPA fL54 U5 B 2 e i 1 1

2 S0 AR (TECR) RS8R (HID e i e

7 SR LI TLCR At 5ty A T
T M DA 008 T B0 oy I, Pk T s
A7 YW AR BT 722 1 1 A JKL s K (o £

VT A A 0 s L OB A U S
B 4R T 2 T R e R

ST, R TN HLA A S 7] 52 5 ik 720 1 XU AT A2
RSO, HI AT ILCR B3R A T .

— ADD,, N ADD,,,

RfD,, RiD,.,

ILCR = ADD,, x SF,, + ADD,_, x SF,,
A, ADD,, Rl ADD,, 4351 A AR 7K i Bz ok 42 ik 7
H 2@ [ mg- (kg-d) ' ]5 RID,, I RD,, 551K
TRk R Bk R R g R KA B
[mg- (kg-d) ™' ; SF,, 1 SF,., 20 5 A AR K Fi Rz ik 2%
R T IBEUERRIE T [ (kg+d) -mg '], B3R
= 9 BUR AR R T S AR YA S 5 i
FFil USEPA [ 4 XU 15 B R Se R

WiAp AR 1 H G A I T
_ MEC x IR x EF x ED

ADD,; = BW x AT
ADD. = MEC x SA x PC x ET x EF x ED x CF
der BW x AT

2 MEC g 7K 35 e vk i (ng- L") 5 SA S
AR AL (em®) 5 PC R AL2E ) T kB35 4 4
(em-h™"); CF NEHRFAT( x107°) ; ET NEREFEN
B (h-d™'); ED NRFEM B (a); EF N REHK

(350 d-a™') s BW IR (kg) s AT Iy 2 g
Bl(d); IR AKHAKBEARE(mL-d™") . £25{EH
i E 7% SCRik [ 20 1 1517

2 H#R5iTE

2.1 TFHEIK I fbAA TG YR

THE WK 7 256 8 F 15 P 25 81434 a0
K3 Fr7n. PAHs Gl i K6 Mk Ol 54.7 ~ 148.0
ng- L~ SEAHBEE H(90.2 £27.5)ng-L™". PAHs 5
Yt ™ H AR I X AY ST10 FE AT (148.0 ng-L7"),
HRN EWIX SI1AES (141.6 ng-L™" ) [ B 3(a) ].
T RTLAE 3PS s A 37 0] 1 B, i B
TH4a KA R PAHs SRR IR T i 38U A2 T 1)
WA S EMHMBIAMAEL (R2), A2
PAHSs 5 3 W] 2 TR DU . 90k 91 L2590 55, 4%
TT7, 2 W1 PAHs e FE 15 50 IH 91 005 T 2.
T it 3 A0 T I T [ 5 90 BN M 50 i
VRIS BTl IR Rl i AT AT R
il ,PAHs HFRCR . | W 4

1 SRy 5 25 DT S0 R (9 75 e 0, T4 1K 1
OCPs il PEBS 75T 4k i f7 7. OCPs Al PCBEIK
Wt e B (S R 3 () 4 K. 14,4~ 4108
ngL ™[ (198 £ 7.1 ng- L' 1Rl 1.6 ~6. Tongal.
[(3.6 1.4 ng=L.™") ]. FF&: B /K& OCPs il PCBs
V5 YR 2 (B 43 A B X > Rl > XY
HEHE3(b)F3(c)]. T EBIX AT, X
22 Tl 22 ARG , DRI X35 ey A Ui AR ok
. HER 2 AT, FH4 i OCPs 1 PCBs 15 4 B
WBE/NTEW K. i FBHEA A EEE. 5
A, T4 7K AR 5 3 1A P 0 B AR 2 7 4
FEL P9 g T AR A 7K T

PAEs {1 A SRR 790 A v 5wl 76 3 1 A=
FEER . HEAVE )T B A AR, B KR
s Qv A WA IE Y 2 —. FEF4A K
i PAEs ¥ 41 703.8 ~6058.9 ng-L™", 1
54 (2813.0 +1314. 1) ng-L~". PAEs 1425 [a] /3 1fi
BR[E3(d) ], Hi#lIX SJ12 f9 PAEs ¥5 Y f Jy ™
#i. DIBP il DEMP f9 ¥k B 43 il ik 5 T 4291.8
ng-L ™' F11 089.0 ng-L~'. DIBP #J 12 i J T4 JH
W AR JLE AN ARl 9K R R
b3 2% 4 L I DEMP 78K 2 508K 8L R A Wb kL
SRR B T il X R A
X, 7K{& PAEs EER [ TAO R S kL 5
HABBINH (£ 2) , TH4 W) PAEs ¥ B B/NF K
1,100 55 510 PAEs ¥R BEAH Y, Bt & T %6 BH I
PAEs 15 427K



4732 N A 42 %
VOCs 2B Z ML TR, el A F1 A HLE 7, (1962.7 + 1718.3) ng-L™' (449.6 ~ 5409.1

NN TR T B2y, g2 A BTk

IR A VOCs 2% AR i 2y 8 LA K A B 1)
fiE . FREDIREE B . R T4 i K sk A 25 F
VOCs #E 4T T A6 I, A6 Hh v B (3398 & i )

ng-L™") [ 3(e) ]. X FAE VOCs FURTIT T, K
FEHE R =Y VOCs[ (266.8 +72.7)ng-L~" ], Hk
K12 A-SERR 1,2 3= 1, 1,2, 2-PUA
K e FE B A% AN (1.5 £1.4)ng-L™". VOCs

®2 HEMAKGEESHENTRAMAREKELR /ng L7

Table 2 Comparison of persistent organic pollutants in lake waters with other lakes/ ng-L'I
W PAHs PAEs® DDTs HCHs PCBs” Sk
T4 54.7 ~148.0(90.2) 988 ~5613(2025) 6.6~13.5(8.8) 0.4~4.0(1.4) 0.1~6.1(1.9) ENTIE
T 2 WA 17.33 ~77.12(67.3) 0.1~2.1(1.3) 1.0 ~2.6(1.33) 0.5~2.8(1.1) [23,24]
TS BH 84 5.56 ~266. 1 288 ~2079(1003) 2.31 ~33.4 4.4 ~59.7 [25,26]
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R E 71.3 ~228.3 4.05 ~20.59 3.1~10.6 6.5~44.3 [36 38]
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Fig. 3 Spatial distribution of seven target toxic pollutants in Shengjin Lake
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Fig. 4 Distribution of target toxic pollutants in priority groups and the composition of high-priority pollutants
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Fig. 7 Distribution and composition of ecology and human health risks in Shengjin Lake
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